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IN!E?(HIUCTIONs 

Although a l o t  of Cime since Augcst 1, 1964, was involved 

w i t h  l i t e r a t x r e  searches and geaarcl o r i e n k t i o n ,  significant pro- 

gress has been made towards the goals of t h i s  research project. Two 

questionnaires were circulated to  investigators involved in  the ISGSB 

remote sensing projects. Meabers of the Worthwestern team made two 

separate v i s i t s  t o  the Pisgah Crater Test Site, California, and 

undertook extensive sampling programs; a start has been made toward 

working up the data from the collected samples and *om extensive 

photographlc records. 

CONCJEPTS: 

hk have gained a reasonably clear  concept of the i n i t i a l  

s t a t i s t i c a l  problems that  will be involved i n  predicting the nature 

of a sensed area ('ground truth')  w i t h  the aid of remote sensorse 

Undoubtedly, as our work proceeds additional problems w i l l  emerge, 

but it is already clear  tha t  the sampling and s t a t i s t i c a l  problems 

are considerably more complex than had been anticipated. 

manuscript is  being prepared wi th  the intention of exposing some of 

the principal d i f f i cu l t i e s ;  it is hoped that  such a paper will be 

useful t o  a l l  experimenters i n  sharpening the focus on specific 

problems and objectives associated with remotely sensing ground 

A major 

t ruth,  

Some of the problems may be briefly stated. S t a t i s t i c a l  

quantitative models must be erected for  the following: 

(i) data concerning those geological a t t r i bu te s  t radi t ional ly  

studied by geologists. These appear t o  fall i n  two categories: 

(a) geometrical a t t r i b u t e s  of the surface (e.&. , joints ,  

t e r ra in ,  relief , roughness , etc. 1 
- 

and 
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(ii) data 
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physical and chemical properties of the earth's 

su r f i c i a l  rock wits; sijretims as many as 140 

attributes h a w  baen meas-wei; f o r  i n d i v l c h a l  hand 

samples, and 330-500 a t t r ibu te s  cmld  be measured. 

concerning the materials a t  the ea2th's atmosphere- 

l i thosphere interface tha t  could be subjected t o  remote sensing. 

A t  present there i s  essentially no quantitative information about 

the nature and distribution of wind blown dust,  s i l t ,  and sand, 

disaggregated debris, desert  varnish,  caliche,  s o i l ,  etc. 

(iii) remotely sensed data. 

Methodology for distinguishing the most significant vari- 

ables *om the many hundred that can now be measured direct ly  or by 

remote sens ing  is urgently required i n  order t o  abstract the optimum 

information from the expensive numerical data. 

(and computer programs with which t o  test them) that permit an  ini-  

t i a l  exploration of significant vethods have already been developed 

by members of the  Northwestern team. 

t o  extend these techniques t o  data derived from remote sensing 

experiments 

Several concepts 

Additional work is  required 

A specific attempt i s  being made to develop s ta t is t ical  

models that permit correlation of (Hi) with (i) and/or (ii) fo r  

stated variables. 

urgent attention, - e.g,, 

This work ra ises  several questions that require 

1. What are the objectives of the sens ing?  Answers t o  t h i s  

question w i l l  involve precise operational definit ions of 

'ground t ru th '  a t t r ibutes ,  

2. How many a t t r ibu tes  need t o  be measured (estimated) t o  

satis* the objective? 
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3. 1s it practicable to  measure the most important a t t r ibu tes ,  

or must they be estimated from measurements of closely cor- 

related Tarfables that can be estimated Eore easily? 

Experience i n  the mre  t radi t ional  fie2C.s of geological 

enquiry has shown that  strong correlations exis t  ?;atween many vari- 

ables (=.go , variables drawn f r o m  closed number tables), The vari- 

ance of each a t t r i b u t e  w i t h i n  samples of constant s ize  is i R  general 

different.  The variance of a specified a t t r ibu te  wi th in  samples of 

. 

dissimilar size is  commonly different.  

samples of constant s i ze  is a dependent variable w i t h  respect t o  

geographic location, so that Xas = f (U,V) ,  where Xns is the n t h  at- 

t r i bu te  for samples of s ize  s, and U and V are  orthogonal geographic 

coordinates. 

of Xns, but, unless the sampled and target populations are  the same, 

s t a t i s t i c a l  inferences about the target population cannot be based 

on data drawn from the sampled population (Whitten, 1961, 1964). 

Each a t t r ibu te  measured for  

Confidence l i m i t s  can be associated w i t h  predictions 

Materials a t  the atmosphere-lithosphere interface undoubt- 

edly foUaw similar rules  

no information about their  quantitative nature and geographical 

var iab i l i ty .  Ia f ac t ,  so l i t t l e  a t tent ion appears t o  have been 

given t o  such materials that operational definitfons must be erect- 

ed before they can be adequately sampled and measured. Undoubtedly 

relationships such a s  Yms = F(U,V) ex i s t ,  where Yms is the mth at-  

t r i b u t e  for samples of the atmosphere-lithosphere interface materials 

of s ize  S. 

but ,  unfortunately, there is essent ia l ly  

At present it is  not known whether, i n  general, it w i l l  be 

possible t o  make predictb~s abmt$,on the bsh of & &?&&,whether ftmc- 

t ions of the Wpe Xns e C (Yms) would have any general usefulness 
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for  prediction purposes). 

correlations exis ts  (=.go, trace element concentrations i n  certain 

plants have been correlated with mineralization under the soil zone). 

This is an important topic because many remote sensors wi l l  probably 

estimate Yms, although a geologist is commonly only interested i n  

%Is. 
a desert varnish veneer may be considered; some sensors may chiefly 

respond t o  the desert varnish which has markedly- d f s s i a i l a r  a t t r ibu tes  

t o  the basal t  nrapped by the geologist. 

I n  a few special  cases evidence for  such 

As a specific example, some of the basal ts  a t  Pisgah that  bear 

The required s ta t is t ical  mdels are l i k e l y  t o  be complex, In 
addition t o  textural, chemical, physical, and other a l l ied  a t t r ibu tes ,  

numerous external variables (2.g. , temperature and moisture) are 

l i ke ly  t o  a f fec t  some, but n o t  a l l ,  of the Yms attributes.  For 

example, clay minerals ,  zeoli tes,  etc,  , change t h e i r  properties 

under different  climatic conditions; again,  the salts a t  the surface 

of a playa tend t o  v a r y  seasonally. 

probably be considered, where R is a whole range of external 

phenomena (variables), 

Thus, Yms = F(W,V,R) should 

It can be concluded that the objective - the pa r t i cu la r  aspect 

of ground t ru th  - sought a f t e r  is highly significant i n  designing 

s ta t i s t ica l ly-s igni f icant  experhents. For d i f f e r e n t  objectives, 

d i f f e ren t  a t t r i bu te s  need measuring, 

from an igneous s i l i c a t e  rock of analogous bulk composition, or a 

sand dune from a quartzite,  o r  a jointed fron an unjointed rock, 

d i f fe ren t  a t t r ibu tes  must be neasured. I n  most cases mde l s  based 

To d i f f e ren t i a t e  a sedimentary 

on the remotely sensed data w i l l  no t  y i e l d  the required ground t r u t h  

d i r ec t ly  5 rsther, correlations w i l l  need t o  be established between 

the sensed a t t r ibu tes ,  S N ~ ,  and Xns and Ymso Such techniques are  
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not up,common in studies of directly-measured at t r ibutes .  

Vistelius (1962) predicted the P205 content of samples of a granite 

from Tien Shan, Russia, by expressing this a t t r ibu te  as a polynomfal 

function of m o d a l  variables,  thus : 

For example, 

PzO5= a. + alQ + a2H + a3P + a@ 

where Q, X, P, and M are modal volume percentages of quartz, potash 

feldspar,  plagioclase, and mafic minerals, respectively. 

l i k e l y  that a specified a t t r ibu te  could be predicted on the basis of 

an  array of different  remotely-sensed a t t r ibu tes  provided 

It seems 

SNS = g (U,V,R) 

where S N ~  i s  the Nth rerotely-sensed a t t r i b u t e  f o r  serised sample 

areas  of s ize  S. 

indepeadent variables may be d i f f i c u l t  experimentally. 

To measure M a t t r ibu tes  w i t h  ident ical  U, V, and R 

I n  remote sensing Uand V w i l l  commonly represent areas 

'seen', and one can legitimately enquire what precision is needed 

i n  locating U and V; expressed different ly ,  what degree of homo- 

geneity do the sensed a t t r ibu tes  have w i t h  respect t o  U and V. 

pointed out above, the variance of each a t t r ibu te  is ,  i n  general, 

dissimilar i n  t h i s  respect. 

posed: 

locations of s l igh t ly  d i s s imi l a r  s ize ,  are  the r e su l t s  significantly 

less useful than i f  identical  sized and located s i t e s  are  sensed i n  

each integration? 

w i t h  t radi t ional  rock a t t r ibu tes ,  i t  seems highly l i ke ly  that d i s -  

similar s ize  and locatfon would make the sensed data considerably 

less significant.  Specific sample collecting has been undertaken 

a t  Pisgah Crater Test Site i n  an attempt t o  obtain some specific i n -  

formation on this problem. 

As 

Hence, a significant question must be 

If sensors carried on the same platform sense neighboring 

Intuit ively,  on the basis of experience gained 

A wide range of at tr ibutes is  being 
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measured and preliminary resglts w i l l  be made available as obtained. 

In  general, i t  would seem t ha t  the severe s t a t i s t i c a l  pro- 

blems involved i n  establishing ground t ru th  on the basis of any form 

of remote sens ing  force the conclasion that  a t  l ea s t  one very simple 

tes t  si te should be studied. 

strated that the area is extraordinarily heterogeneous and statis- 

t i c a l l y  complex - especially with respect t o  a t t r ibu tes  of type Yms. 

So l i t t l e  has ever been recorded about the nature of the atmosphere- 

lithosphere interface i n  well-exposed areas,  tha t  it is  proposed to  

make a n  informal survey of th i s  topic i n  a var ie ty  of d i f f e r e n t  

areas. Casual observation suggests t ha t  the amount of unadulterated 

bedrock exposed i n  desert terrains is extremely small - possibly less 

than i n  many non-desert areas. 

Sampling a t  Pisgah has already demon- 

After preliminary data have been developd and statist ical  

models have been prepared for  portions of several test sites, vari- 

ous discriminant functions should permit ground-truth models to  be 

evaluated, 

An i n i t i a l  questionnaire (Table I) bas d i s t r i b u t e d  on 

September 18, 1964, t o  determine the variables sensed by apparatus 

being developed by NASA experinenters, the area sensed a t  one t ime ,  

the  target  of in te res t ,  and the e f fec t  of grain s ize  and te r ra in  on 

the experiments. 

Following the October 13, 1964, meeting a t  Ann Arbor, Michigan, a 

secrind questionnaire (Table 111) was distributed on December 3, 1964, 

The six repl ies  received t o  date a re  summarized i n  Table IV. 

The twelve responses are smmarized i n  Table 11. 
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TABLE I 

QfTESTIOI'4?JAIRE I f ISSDEI) SEPIEHEER 18, 1964 

We ask a l l  groups collecting remotely sensed data to  give 

us advice on the following points: 

1, Variables t o  be sensed8 

are working w i t h  measure? - flag., "hat elements in bulkmk? 

What variables will the sensor you 

What oxides i n  bulk rock3 

What minerals i n  bulk mck2 

What other variables? 

(_e.,g. radiaactivity,etc,  ) 

2. Area sampled a t  on3 moment: What is the power" of resolution 

of the sensor you are  working with? 

the ground surface (square or c i rc le  of ground?) w i l l  be 

evaluated by any one reading? 

s i n g l e  value for each measured variable for each un i t  area, 

and continuous reading recorded dur ing  a traverse, or 

photographs of areas? 

That is, what area of 

W i l l  you be involved with a 

3-  Target of interest :  Some sensors evaluate the immediate 

ground surface; others penetrate beneath the immediate sur- 

face. W i l l  your sensor evaluate (a) the extreme outer sur- 

face, (b) the rocks within inch or so of surface (as in  

normal geological work), or ( c )  rocks a t  some specified 

depth under ground surface? 

To w h a t  extent are factors l i k e  average or range of grain 

size and terrain type s ignif icant  t o  evaluation of the 

sensor data with which you are dealing? 

4. 



- 9 -  
!I!Am?I I (CONTIMUED) 

I am sorry t o  bother you with these questions, but it is 

unreal is t ic  fo r  us to  commence work without f i r m  answers t o  all of 

these questions. 

prompt reply, 

scr) 

I would greatly appreciate your cooperation and 

A questionnaire is enclosed which you might care to  

use instead of writing a letter. 

RETURF? TO: E. E. Timothy Whitten FROM: - 
Name - Department of Geology - Nor t hwe s tern Unive r s i ty 

Evanston, Illinois Address - 
Geological variables t o  be included i n  'ground t r u t h  * evaluations 

1. 

2. 

3. 

4, 

5. 

Variables t o  be sensedt 
TaT elemeots i n  bulk rock: 
(b) oxides i n  bulk rock: 
( c )  minerals i n  bulk rock: 
(d)  addftfonal variables of interest :  

Area sampled a t  one moment: 
(a) Ground area evaluated a t  one readings 
(b) Is the area a rectangle, square or c i r c l e?  
( c )  Single reading each variable each u n i t  area? Yes/No 

Continuous record during traverse? Yes/No 
Photographic-type record? Y e s h  
Other (explain ) 

Target of interest: 
'<a) extreme outer surface o f  Earth Yes/No 
(b) rocks within inch o r  sc of surface Yes/No 
( e )  

ground Yes/No 
rocks a t  specified depth below 

What depth? 

IS average or range of g r a i n  size signif icant?  (Please explain) 

IS average or range of terrain s ign i f icant?  (Please explain) 
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TABLE I11 

QUESTIONIRE I1 : ISSUED 3 DEGEIJrBER, 1966 

S t a t i s t i c a l  problems associated wi th  'Ground Truth': 

1, 

2. There a re  many hundreds of a t t r ibu tes  of rocks and the areal 

What is  'ground t ru th '  in terms of your sens ing  experiment? 

va r i ab i l i t y  of each at t r ibute  is dissimilar; thus, we need some 

guide as t o  which a t t r ibu tes  w i l l  a f fect  your experiment before 

considering specif ic  statist ical  problems involved i n  establish- 

i n g  ground truth,  

what a t t r ibu tes  you wish t o  have information about i n  terms of 

Please indicate, being as specif ic  a s  possible, 

ground truth. 

and ground surface that are s ignif icant  to you*. 

What is  the s i ze  of resolution of  your equipment i f  flown a t  

the following alt i tudes:  

Particularly emphasize the a t t r ibu tes  of the rocks 

3. 

1000 feet .  
5000 feet. 
10000 fee t .  
20000 feet .  
40000 fee t ,  

10 miles 
50 Eiles 

100 miles 
200 miles 

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  

* _&am les include: Weight $ a l l  major oxides i n  t o t a l  rock; weight  
a l l  t race elements i n  t o t a l  rock; weight or volume $ 

of each major and accessory miaeral i n  t o t a l  rock; weight j% of 
major and minor elements in each major and accessory minera l  com- 
ponent of rock; textural features of  rock (go&., grain-size, mean, 
skewness, kurtosis of grain-size,  grain shape, megacrysts, e tc , ) ;  
porosity, e l ec t r i ca l  res i s t iv i ty ,  inclusions, etc.; specific gra- 
vity; superf ic ia l  covering of sand, s i l t ,  clay,  dust  - type and 
amowt which i s  important; s t ructural  a t t r ibu tes  of rock (2.g. , 
preferred orientation of g r a i n s ,  Jointing, sha t t e r ing ) ;  surface 
character is t ics  of rock i n  terms of roughness, slope, etc., etc.) 



4. A t  th i s  t i m e  do you have any recommendations as t o  the a l t i t ude  

a t  i&.ick your experiment should be flown i n  aircraft  for the 

acquisit ion of test s i te  data? 

Does your equipment record instantaneously, or  is the record 

smeared due t o  aircraft speed (Lowest aircraft ground speeds: 

Convair 240: 200 ft/sec; Convair 990: 630 ft/sec)? 

What is  the integration time of your equipment? Does equipment 

sense in same portion of spectrum throughout whole integration 

time? 

moving platform? 

If not, how w i l l  th i s  a f f ec t  a t t r ibu tes  being sensed from 

5. Since several sensors have very high resolution (e.&,, one aquare 

foot when carried i n  a i r c ra f t ,  or fraction of foot  when used on 

ground), it would be prohibitive to  provide precise ground t ru th  

on the basis of such small un i t  areas (even for a 10 square mile 

test  si te) .  So that all high-resolution sensors tes t  the same 

precise areas, would you be prepared t o  agree on one, two or 

three semi-permanent traverses or subareas a t  Pisgah Crater i n  
order that ground t ru th  can be maximized? 

- 

If yes, please designate (on the basis of  your preliminary work 

a t  Pisgah) one to three optimum localities for you; these sub- 

areas w i l l  hopefully cover a suf f ic ien t  var ie ty  of surface fea- 

tures and rock composition, 

Dr, Colwell's l o w  a l t i tude  a e r i a l  photos or marked on the ground 

i n  a semi-permanent manner), 

They could probably be defined on 

Name of respondent 

Date 
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L I S T  OF -DWESTIGHTORS TO WXOM QUESTIONKfiIilE I1 WAS SENT 

Dr. ?eter C. Badgley 

Dr. v i i i l i a m  T i f f t  

Mr. James E, G i l l i s ,  Jr. 

Dr .  R, No Colwell 

Dr. John Bo Adam 

D r .  John F. C r o a i n  

Mr. Bernard B. Scheps 

Mr. M. W. Krueger 

D r ,  William A. Fischer 

D r ,  Stephen J. Garawecki 

Dr. Ronald J. P. Lyon 

Dr. James E. Cone1 

D r .  W i l l i a m  Nordberg 

D r .  Richard K. Moore 

D r .  David S.  Sirnonett 

Dr. William H . Peake 

D r ,  Isadore Katz 

Dr. H , Cameron 

Dr. Frank Barath 

D r .  Robert C. Speed 

D r .  D. Jones 

D r .  E. D. McAlister 

Mr . J. .Green 

D r .  A. R ,  Barringer 

M r .  Leo F. Chifds  

Nr .  K. R, Tdebster 

Mr. R. R. Stephens 

M r .  Rollin W, Gillespfe (for h i s  interest only) 
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SPECIFIC SAMPLING AT PISGAR CRATER TEST SITE, C&IFOflnTI&: 

Eight gr ids  were l a i d  out and sampled i n  February and March, 

1965 (see Pig. ij. Several other sporadic locations were a l s o  sam- 

pled. A large var ie ty  of sampling methods (including photographic) 

was used i n  an  attempt t o  t e s t  the variance and homogeneity o f  a wide 

va r i e ty  of a t t r i b u t e s  i n  a representative select ion of d i f f e ren t  

l i thologies .  Widely d i s s i m i l a r  sample sizes were studied. Local 

magnetfc disturbances and inadequate marking of the t e s t  s i t e  made i t  

extremely d i f f i c u l t  t o  locate  accurate U,V-locations within the a reaP  

I 

I1 

111 

IV 

V 

VI 

V I 1  

V I 1 1  

The major areas sampled were: 

PJNW. of Pisgah Crater - basa l t  flow overlapping outwash 

fan with blown sand 

SW. of Crater - small area of cinder-pavement and 

interspersed pahoehoe lava flow 

SW. of Crater - small area of aa basal t  flow 

Inside Crater - loose cinders i n  cone 

So of Crater - large area of mixed pahoehoe and 

aa lavas 

-3Avic Dry Lake 
(overlapping areas marked 
out Sy Lyon and Geol. 
Survey i n  Feb. 1965) 

On dog-leg si te due 

south of Crater 

- playa with scattered basa l t  

f ragments  

- a l l u v i a l  f a n  a t  mouth of stream: 

mixed basa l t ic  and grani t ic  de- 

b r i s  

Immediately W. of  red - mixture of  interspersed lava flow 

Survey cairn S .  end of  and playa-like areas. 

Pisgah flows 





. 
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So far,  preliminary numerical data have been prepared i n  

the laboratory for  Northwestern University S i t e  I only, This s i te  

comprises a mixture of basal t ,  outwash gravel, and blown sand w i t t i  

spasmodic vegetation i n  a small area north of the c ra te r  (see Fig. 1). 

D r ,  do A.  Fischer, i n  a personal communication in February 1965, said 

he anticipated viewing a n  area of  2 x 6 feet i n  the U. S. Geological 

Survey's i n i t i a l  airborne remote sensing experiments ( t h i s  estimate 

allows for 'smear effects  due to  a i r c r a f t  speed d u r i n g  instrument 

integration time). On t h i s  basis a 24 x 24 feet g r i d  was l a i d  out 

and 49 surface samples were collected a t  4 f ee t  intervals. 

s i ze  could be c r i t i c ized  on many counts, and i n  particular on the 

grounds that  sensors w i l l  n o t  have suff ic ient  resolution t o  respond 

t o  such s m a l l  closely-spaced samples, 

This g r i d  

In order t o  get some d i rec t  

information about the variables involved and t o  get an experiment 

i n i t i a t ed ,  a somewhat arbi t rary sample g r i d  seemed justif ied.  

Actually, i t  i s  d i f f i c u l t  t o  know what resolution w i l l  be involved 

i n  i n i t i a l  remote sensing; Table IV shows t h a t  the following resolu- 

t ions are expected: 

Experimenter Sensor 
TABLE V 

Resolution 

Scheps Radar NRL a i r c r a f t  a t  2000l 200' x 160' 
WADC a i r c r a f t  (photo 

Classified a i r c ra f t  high resolution%- 
record) 501 x 50' 

Conel Infrared 
spectrophotometry a t  1000' 400' x 400' 

Fischer Infrared and 
U l  t rviole  t a t  1000' 1' x 1' 

%yon Infrared a t  lc)C)Of 7 '  x 30' 

Green Microwave 
radiometry a t  5000' f e w  square 

meters 

Simonett Radar - classified* 

* & &  TIME for Parch 26, 1965 (Vol .  85, KTo. 13, pp. 85-6) noted 
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t h a t  t h e  "sharp-eyed, long-range r a f lws  of the  North m e r i c a n  A i r  

Defense Comqand watched the  launch of the  Voskhod I1 and followed 

i t  i n  o r b i t  ... they s a w  an i r r e g u l s r i t y  develop i n  the spaceship 's  

electronic when Leonov opened the ha tch  t o  emerge from 

t h e  capsule.  TTME a l s o  reported t h a t  t he  apogee of Voskhod 11's 

e l l i p t i c a l  o r b i t  was 307.5 miles above ear th .  This u n c l a s s i f i e d  

information gives  some Mea of the high  r e s o l u t i o n  poss ib l e  wi th  

some radar .  

Each s t a t i o n  a t  S i t e  I w a s  photographed, and numerous a t t r i b u t e s  

Since g r a i n  s ize  appears  t o  a f f e c t  a re  being measured on the  photos. 

some sensors, mechanical analyses  h-7ve been run on the  c o l l e c t e d  

samples and the  composition of the s e v e r a l  f ract ions is  being 

analysed. tdith the  a id  of these  measurepents t h e  a r e a l  v a r i a b i l i t y  

o f  a variety of a t t r i b u t e s  is being assayed with t h e  a i d  of s e v e r a l  

coEputer program. X l a r g e  volume of resu l t s  has  come t o  hand within 

t h e  past  t w o  or three weeks, and these will be made a v a i l - ? b l e  i n  t h e  

near fu tu re  

Other experiments t h s t  have produced useful  r e s u l t s  include: 

(i) S t a t i s t i c a l  ana lyses  of  the s i z e  and d i s t r i b u t i o n  of d i f f e r e n t  

l i t h o l o g i e s  recognizable  on Dr. Colwell 's l a rge - sca l e  a i r  photographs. 

( i i )  Opt ica l  Four ie r  t r a n s f o m  analyses  have been attempted on a 

few r e p r e s e n t a t i v e  a i r  photogra2hs i n  t he  hope of developing a 

technique f o r  assessing the  hmogenei ty  of l i t h o l o g i e s .  

( i i i )  Three a r e a s  i n  t he  Pispah region have been subjected t o  

elementary topographic a n a l y s i s ;  d a t a  derivc-d from coJ tour  maps of 

t h e  Pisgah cone, Sunshine Peak, anrt from a neighboring alluvial fan 

have been subjected t o  d iscr iminant  a n a l y s i s  with useful results.  



. 
The f u l l  r e su l t s  of a l l  these ana lyses  w i l l  r e q u i r e  cocs iderable  

explana tory  tex t ,  so it i s  appropriate  t o  reserve them for i nc lus ion  

i n  a more formal paper i n  the near  f i ~ t ~ r e .  

FIELD JCRK, liT,F,TIWS. t , N D  C O  'STJLT9iTIO '1s: 
l'ee t i n g s  a t tended : 

1. Geoscience Test S i t e  Corn i t t ee  W e t i n g ,  Ann Arbor, tb'ichigan, 

October 12-13, 1964, attenfie? by : h i t t e n ,  Howland, Beckman. On 

October 13 a s p e c i a l  evening session was sponsored by the  Northwestern 

team t o  consider  the  s t 2 t i c t i c a l  problems of ground t ru th .  

2. Radar Team Coordination Yee t i n g  , -Lawrence , Kansas, December 

15-16, 1964, at tended by Beckman. 

3. Geoscience Test S i t e  C o w i t t e e 9  Vashington, D. C., Yarch 17, 
' 1965, at tended by Whitten. 

F i e l d  work: 
L 

1. February 8-12, 1965, Pisgsh Crater Test S i t e :  ba i t ten  and 

Beckman. 

2. F%rch 22-28, 1965, Pisgah Cra t e r  Test S i t e :  W h i t t e n ,  Beckman, 

and Thomas. 

Consul ta t ions :  

I. Dr. J u l e s  Freedman, TJ. S. Geological S n v e y ,  v i s i t e d  

Borthwestern Universi ty  on January 25, 1965. 

2, Sampling methodology was discussed w i t h  s e v e r a l  team 

J 

r e p r e s e n t a t i v e s  ( p a r t i c u l a r l y  the  IJ. S .  Geological Survey team) i n  

t h e  f i e l d  a t  X s g a h  Crater Test S i t e  i n  ?ebrusry, 1965. 
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